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Abstract

IX ffcmlltial ca 0ss se.clicms fo7 Clastic a.ncl imlastic. (Mp ‘1’1) elcztt 011 scatk.ring fIom

~IouIKl state. IJa atom have. km ll-ICaSUTCXl at 5cY, 1 OcV, 1 ScV, ancl 2?OC.V impact

cum g,ies itl t}m all~,ulal raIIf,c. fmln (1[) to 130°. ] jxtla]mlation to the. larg,cx ail~,lcx  I)ave.

bcwl pmforme<l using thcxmtical mlcwlatiwls as a g,uidc., and integ,r-al ant]  mC)mCIItUIII

tl ansfcl CICMS swticms WC.; C. ck;ivcxl. ‘J’lwretical calculations bawl  CM I two charllid clcm

Cmu]dillf, and relativistic and IIcjll-]c.]atil’istic  ciistorkd wave nmthods haw bem cm”lparcd

with tlm p Cwl)t rcwlts. (icmd a:.rcmncmt bctwczl) CXpc!ri;ncllt atld vaT icms t}mm~tical

1 mulls is  fouIIcl a t  slnal] sc.atte.rillg, alI@cs but sijylificanl ciwiations Cxist a t  larp,cv

scatterin~, ang,les.



1. lntloduciion

l;lectlon cmllision promsscs involving, IIa atoms, both in their f,round statr. and

cxciteil state.s, alc of intcmst bot}l flom tlmmc.tical fil Kt flom ]mc.tical view points. Ha is

an alkaline cx-irlh atom wllid cmsists of two vale.ncx dw.trons outsidr of a Aativdy

ilic.lt Cole. ‘J’his eJcmmnt inhibits a lfirf,c va~ir.ty of Clmlactcvistic behaviws of Com]dm

atoms wllilc, flom the. Cxpc.rilllcntal ]mint of view, it is Jclativcly Casy to wmk with. IIa

has bem utilized for dias,nostic. purpcms i n  ionos])lic.ric plasma rclemc. e.xpe.ririienls

(Wrscmtt et al, 1980; Siwionse.t al, 1981), and for cmtTollil]p, the. Conductivity of hig,h

cmTJmt switchc.s (Ycml]g and l{ocllip,uew, 199?). IIowcwc.r, me-awmne.nt of absolute

ele.c.tlcm KXtkving, cross sw.timls of lk? atoll] is ve.l-y lilllitcd bwause. of tllc difficulty to

nmlnalize. the. relative data to the absolute scale. ‘1’lm o])tical recitation function for tlm

(6sz1So-~  (@ 11)1 )trallsitic~llw ras11~r2sLlTeLlt )yAl~~$~~llill ~tal (1975) Wd C}lel] and

Gallaj’,kr (]976) i n  tk im])ac.t e.ncvp, y (1:(1) ranp,c. fro]]) thre.sllo]d to 300cV aTicl to

1500e. V, lcspcxtive.ly. 1 )iffe.1 mtial cross sw.tions (1 XS) for elastic smttminr, and for

e.xc.itation of the. low lying levels w] C I qm [cd at 1 j, : 5e.V by ‘J’rajnlal and Willialns

(19”/6), at 30C.V by ‘J’]ajlmT (1977) aid at 20, 30, 40, 60, 80 ti[id 100cV by Jcv]sct] et al

(1 978), CI10ss section ]neasurc.nicl]ts for Clw.tl  olI scat tmillf, by last.r-mcitexi IU3 (6s6p ‘1’1

) and cx-wak pcq)ulatcxl }Ia ((KM 1 ‘31)) sJm.ies w.] e ml j ied out by l<c~isteu cl al (19“/8)

at 30 and 100tV ilnpact em gic.s. 1 ;Iectl on i ]Il]mt Col]cmnc.e ]mame.te.rs (13 Cl’) fcn tbe

(6s2 I So - z 6s6p 11’1 ) excitation wc.re dr.te.rlnined by Yjctrm cl al (1992 and 1993) and 1 .i

and Y,clnc.1 (1993) at impact cmc.1 f,im I m~,illg f]o]li 20 to 80 eV, III the Ille.mcticx-il  alcfi,

Grcf,m y ancl 1 ‘ink (1974) cxlcmlakxl elastic. IXX in tile 100 to 1500CV” im])act energ,y

rall~,c using R relativistic sc3ttmiTlf,  pc}tmtial dl~d solvin~, tlm l)i:ac quaticm nulne.rically.

1>(:S for elastic scatkring and for near tbm}mlcl excitaticm to the. (@I 11’] level were

mlcwlatcxt by 1 ‘abrikmt (1974, 1975 and 19-/9) using. a two-state, Clew-ccmpling

a])~))-c)xil~~atic)l~. 1.ater, l;abrikant (1980) re.porkxl 1X3 for elastic scattming and for the

(6s2 ‘S. - ~ 6s6p ‘1’1 ) excitation at 20 ancl 30cV impact emrgies as well as intc~,ral dastic



scattm inf, crms scclims ili the mm f,y rang,c from 6 to 35cV usitl~ tlm salIm mcthcxi.

MOI-C rwe.ntly, Clark c1 al (1989) Obtaillcxi 1 XX for excitatic~li 10 tlm 6s6p ‘1’1 level in the

S to 1 ()()c\l i mp.act cncr”g,y I an~,c ham] m (iistmlcd uwve. appmximat im (lJWA) and first

mdm nially Id)’ thcwy (} UMIH’) calculatimls. “J’lq accounted fm sJ)itl-Olt)it  Cw])litlg

in tile Rtmn, but ne.~,lcctcd lclativisiic r. ffc.cls fOT tlm Cxmtinu[lln clcztmns. With a similar

a])])rmc.h, (Yark ct al (1992) alsO Obtaillcd 11(3 fw c.lc.ctmn in]]ml e.xcitatim and

dcmcitatim fmln the. }Ia (6s6p ‘1’1 )  lcvc] at 30c.\~ ilrl~mct crmrg,y.  Srivas[ava ct al

(] 992a) utilized a cwmplcte.1 y m]ativistic distmlcd w~ve. mc.tllwl ((X1>M7)  tO Obtain 11(:S

aiId 1;.1(3’ fm the (6s~ ‘S. -~ 6s6]) ‘1’1 ) cxcita[icm p] Occss ill thcr ?0 to 100cV

cncJ f,y J ailp,c.. S] ivastm’a et al (1 M?b) al sO ] qmr lwl silnilal ] mults fm tlm (6s2

6s5(1 11)2 all(l ~1) ~,?,3 ) Cxcilatic)ll ])lwzssrs.

‘J’hc aim of the. ]msc.nt wmk was to c.xtc.nd the lKX n~e~surcmcmts to

ilnpact

1$ .>‘0

impact

cnclr,ics bclmv 20cV fOJ- elastic scatlclinp, at)d fm cxc.itatim tO the 6s6p ‘1’1 le.vc.] and tO

Ol)tain tl]c c.[)llcs])c~ndinf, l“]lc)li-lc.l’ltlll’]”) tlallsfc.1 an(l iTltcp,lal Crc)ss scctic)lls, “1’ilCSC.  CrOSs

scctiOlls wi l l  se.Ivc [0 nmnmliz.c 1)(:S’s fO1 Othel mc.itfitiOn and dc.cxcitatiml ])JcKmses

al]d will allmv lhc dc41ucti0n Of mf,nctic sublcvc.] lX3’s from }IJCI’ nlc-asurcmcnts.

C(mqmT iscms with the.ordiml rcsu]ts aI c. made tc) assess tl]c rcliabi]ity of the. calculatimal

ll)c.thods.

II. lixpmilncl”ltal

‘1’he c.lectmn -  im]mt s})cc.trc}nlc.tcr, used for the prc.wnt ]I]casllrc.]iletlts, is

hasical] y the. same. as the. onc USC41 and dCSCJibC41 by Jc.nsc.n et al (] 978), and T]-ajmar and

Rcf,istcr (19S4), with smnc illl])l-c~l’clllcllts. l~mble. hc.mis~)he.rical cncrg,y sclcctcrrs and

Cylincllicfil, e.lcctmstatic O~dics wmc usc41 bcdh in tlw elcztrcm gun anti Medw. Typical

tmm  curl cnt was a fcw nwIO al]l]ml es, and the cwJ fill mcrp,y rcso] ut ion was about

8(hIIcV (}:WJI M). ‘J’hc }3a beam c.ffusc41 fmni a crucible., which was heated by a two-

wim shiddc41, resistance hc.atc.r at about 800 ~(:, and was furthc.r collimated to fro-m a



tarp,ct beam with a diameter Of abOut Ilnln (with a divclgctKXOf ~ S(l) in Ihc. intcractic)ll

ICf,icm. ‘J’hc IIa bczim cmld bc chcqqd  b y  a smll Jla]) w}lich was dcclrmically

cxmtmlled and synchrcmiml wittl the. lnultichnnml smlcx. “J’k sc.atlcrc41 clcctrms were

dctc.ctcd with a channel clc.cllm lnulti])lim and c.l Icugy-lms s]wtra wclc. Obkined by

pulse cmunting and nlultichannc] Scfilill:, tcxtllliques. ‘J’]m cm)tact ~mtclllial fm tlm

ap]mratus was clctcrmined by mcmulin~ tlm ilnpac.t ct)mp,y cmlqmnding  tO the. well

c.stablishc41 IIe le.scmallce. in thr elastic scatlclill:, clml~r.1 at 0= 90(1 ailcl takill:,  t]w trur.

value. for this rmmance. as 19.37 c.\~. ‘J’l]c. true mm scatlenin~,  anf,k was c.stablishcd cm

thcbasis Of symmetry in tllc. illclastics c.at[c~ilif, sig,nal.

‘J-he. nwasurcmcmt and nmmalizatim ])rmxx]ure. m]”lsistcd of se.vcral ste.])s, ]n tk

first stq), the sc.attc.riTlg illtc.rlsity ass(Jciatcll wit}] thccxcitatim  Of the.6s6p 1]’1 ]cvcl was

nwasurc41 as a functim c)f the scatte.~ing,  finp,lc. (0) at f1xr41  iln]mt cllcv~,icso II) Olde.1 tO

cmvcrl these. intensities tO rclativcl XX, an e.ffc.ctivevc)llllllc cmrccticm factm, Obtained

f~mn the. mmlcling, calculatimls of IIrinkmalln and “J’ra~n-lar (1981),  was used. We, have,

sclcctc41 lhcir curve ~ in l;i~,urc 1 w]lich cmcs]mnds v e r y  clOscly tO the scatte.rinp,

g,c.omc.tl-y,  1X3 bchavims and F,as kincticcmss scctimsclf thc}mscnt lllcas~llc.lllclits. lIJ

tlmscmnd stq, rdativcintc:,lal  crc)sssrctic)llsJ \’crcc~t)taillcIl t)yextra~}tJlatirl~, tllell~S’s

tO 1 W) scattering, ang,lc and inte~,rating. thcln. ‘J’lm.sc.  cress sections were then nm Inalimi

to the. abscdute. scale by utilizinp, the q)tical cxcitatim ful]cticms of (%cn and Gallag,he.r

(1976). ]n Ordcr tO cmmt applOximatcl y fOJ t}le. cascade. ccmtributicms in t}w.ir q)tical

nwasuJ  cme.nts,  w cst i mat cxl the cascack c.cuitr ibuticms fmm tlm upper le.vcls tO the 6s6p

11’1 lewd m 5 % at SCV impact cxmp,y, 10%1 at 10 and 15c.V, and 20% at 2(kV impacl

energy. “J-he. abscdutc 1X3’s for the, excitaticm c)f the 6s6p 11’1 level were tkn obtained at

varicms impact cmcrgics by usinp, cstablishc41 absolute. intcf.ral CICNS smticms. As a third

step, the scattering intensity ratim foJ- the (i@ 11’1 cxcitatim and elastic scattering were

cte.tc~lnined.  Since, at small scattc.ling angles, (km arc si~,nificant backp,rcmnd

Ccmtributicms tO the elastic (ancl sc)mr. minm colltlit)~ltic)l”ls tO the. ilmlastic) scattering



sip,nals, we, had to Chop the. }Ia txxim. l’rolll  the C.JICJf.y-k)SS  S]wtla obtained With tile Ba

tmm  on, wc suhtractccl the mrI cs]mding e.nergy-lc)ss spectra with the M beam Off. ‘1’lIC

IIa beam on ruld Off s]mtia were. sc.zml]cd  altcmative. ]y with a ~() second intro val to

establish the same cxpc.rimmtal cmlclitions in bc}th cam, l;rom the true elastic to

inelastic scattc.rin~, intcnsily ratios, obtained this way, we ded ucecl the abscdute. e.last ic

lXS’s by u[ilizillg the. absolute. inelastic I XS’s established in the sccmcl step. An

assutnption  was made. that tk c. ffectivc volume c.cml cction factcws fm the, elastic and

inc]astic channels were. identical. ‘l’he. nmmcmtum transfer cross sc.ctions for elastic

scatkrinf, wwe obtained fJonl t}w il]tr~,ral of thr. at)solute. 1>(:S’s at 15 and 20cV inlpact

mmf,ics usins, the [ 1 -cm(d)] wcip,tltillfl  factm.

“1’he nlajOr soulcc c)f C.lJ”or  ill t h e  1)(:S’s cam f]mm t h e .  uncmttiinty of

Iwrlllalization standard, i.e.., tlm cq)tical  cJoss sec t i ons  I]wm]re4i by Chen ancl Gall@mr

(] 976). Althou~,h these authcm claimed a 5% e.J”ro1” in their mu]ts,  additional erlor

(atmut 1 5 % )  cmmcs flonl the. c.stimaticm of cascade. c.cmtributiOns. other error

Cxmtl-ibutions  arecstimatecl as: 1X3 cxtra])c)laticms to 7ero and 1800, about 10%; e]cctron

beam fluctuation, 3%1; lla beam fluctuaticm, 3%1; and statistical c.rlors, <3%1 at ang,ks

bclow70°, and <8% atmvc.70°, Thctotal mror inthcpl-cscmt l)C3’sise.stinlated tobc

about 25%.

111. Rfxults and discussions

Measurcmc.nts were. Carried out at 5, 10, 15 and 20cV impact e.ne.rf,ics  at O tc)

130[1scattcrir-l~ all~lcsf(Jl cxcitatiO]l tOtllc. l\a6s6]J 11’1 le.vcl, anclat 15 anc120cV impact

c.l)c]-p,icsan(i  IO”tc) 130°an&,le.s  forelastic scattering.. “I’hc.l XX rcsultsarep,iven  in’1’able

1. ‘l-he prmcnt results arc compared with the thcmretical calculations anct previous

cxpc.riniental  clata whcm available.. l:it,urcs 1-6 show the presently measured 1)(3 curves

and their comparisons with othc.r lileasu] cme.nts and calculatiolis.

———



1 ~i~,ure. 1 shows the. absolute. 11(:S’s for Ba (@ 11’1 excitation at ?(kV impact

clm~,y. ‘J’hc present results are in c.xce.llcnt a~rccnmnt with prcvims mcasumncnts of

JLVMCJI  et a l  (1978) upto 130(’. ‘J’he pIc.sc.JIt cltita above. ]3(1[’ were obtfiiml by

extrapolation usin~. the. themcliml I>WA mults of (lark et al (1989) (the.ir I;Ilhfl”J’

lcsults arc, similar tollWA  results, but only IJWA multsarcuscxl  fc)r comparison in this

papc.r) as a g,uidc.. We note that the.orctical C.alcu]ations by diffc.rent groups (P’abrikant

(1980), (Yark ct al (1989) and S~ivastava et al (1992)) show the same an~,ular bchavic)r at

scat[c.1 ing anf,]cs above 130C). ‘J”llcrc.fm c ,  wc. cmsidcr the cxtrapc~lation to bc very

~casmab]c.. Since t}lc.rc. wc.Ic no the.cmtical calculations available whcm JCJISCJ) ct al

(1 978) did their nlcmmcmcmt, the.ir c.xtla])cdation above. 130° wc.nt downward instcmt of

~oing up as prc.dieted by ttlc.cuc.tical G31culations. ‘1’his c.ausccl, hcwmvcr, 01]1 y ncglip,ible

cm ors in their normalimtion bemuse of the slnal] 1)(:S values at larg,c smttcrinf, angles.

All the.orcticml 1 )(:S’s show a simila~ an~,ulaT bc.}mviol,  and ale. in F,OCK1 ap,rcc.nicnt with

prc.sc.ntly mcmwrcd val Ltcs at anr,lcs bc.low J 30[’. 1 ]owc.vcr,  the.rc. arc. large. ctiscrqancic.s

in the abso]utc lwlucs at hif,hm ang,le.s,  al)d solnc. of tllc. thcc)lc.tical rc.su]ts cliffc.1 from the

]msmtly  nlcxmmt ~mllts by almost all orclc.r of ]na~,nitudc at some. scattering ang,]cs.

‘1’he rcwlts of (lark cd al (1989) al c, hmvcve.r very close to our results at all at] f,lcs.

1 ‘ig.?. gives the abscdutc. IK:S’s for IIa 6s6]) ‘Pl excitation at 15cV impact energy.

Ch~ly one. thcmctical calculation ((lark  et al, 1989) is available for comparison. ‘l’he

ap,rc.cmc.nt bet wcm the.cmy and c.x]mi mcmt is g,ood in the 0° to 20° ang,ular ranp,c, but

the.1 e. al c significant cliscqlancics at lliglm an@c.s. The prcscmt mcasurcmcnt  rc.vcxils

almost the. saTnc. ang.u]ar behavior for both ] SCV and ?(k.v ] >C3, allct c]car]y shows thrcs

minima occurring at aroutlcl 3(X’, 90(’ allci 1 X)c’, However, the the.ory predicts three

Iliinima at about ?5~, 700 and 1 ] 0° for 15c.V 1X3, and thin-c. arc. large diffcrcrms in the

ma~,nitmic,  of the. 11(:S’s at sornc. allp,lcs. No cxpc.1-inwntal data arc availab]c for

Ccrmpariscnl.



“J’k absolute. 1)(X’S for M 6s6p 11’1 excitation at 1 (k.V arc. shown in l;ip,.3.

Af,ain, only the. calculations of (:lark e.t al (1989) are. available for comparison. No

othm mcasumncnt has yet km Inadc.. “l-lime is a wc%k , t]ut clear indication of threr.

mitiilna occurIinp,  at the same. scatterin~. an~,lcs as in tlm 15cV anti ?OcV cam.

‘J’hc.ore.tic%l calculations by [:lalk ct al (1989) itldicate cmly two lnil~inia at about 300” ancl

1 ?OO. Sincz the. 1 Oc.V 1)(3’s clianf,c vmy f,radually and smocdhly atmw 30°, the

diffemncc in the. an~,ula~ bcllaviol bet wc.cvl thcmy ald prcscmt cxpc.ri ]nc.nt is rather sluall

but diffcrcmcm in tlm nlfip,nitudc. of 1 XX’s are as larg,e as a fmtor of km at larp,e. aTIp,lcs.

“J’he. 5e.V 1 XX’s for lh Mq) ‘1’1 excitation arc shown i]) };ig.4 tog,ctlm with the

thcm ctical calculations by Cla Tk C[ al (1989) al]d tlm cx]mrimcntal dala of ‘J’ra~mar ancl

Williams (1 976). ‘J’k 1X3’S show sip, tliflcant forwa~d peakin~. but  rather isotlopic

bchavicw above. 40° scatlcrinf, all~,lcs. Ag,aill at low ang,lcx tlm results from tile. two

mc.asurcmcnts  anti from theory am in g,oo(i afmzmcxlt but significant ciisap,rmiicnts exist

at scatkning angles lar~,cl  than 50°.

Sumlnarizing,  the 1 )(:S llleasu] cmcwts fc)l }Ia (M]) 11’1 e.xcitaticm, wc find that rich

features with three minilna occur at 20rV im]mct ene.rp,y, ,which ~radually Pddc. away

when im]mct energy is dccxmed. At 15eV ancl 10c.V, the. thret. 1X3 minima aTe. wcakr,

but remain at the sanm ang]es which al c diffm cJl! from the theoretical calcu]aticms. At

5eV, the IXX varic.s little above. 40° , tile. same. bchavim as ]m41iclc4i by the tlmry.  in

te.1 ms C)f miag,nitudc, the a~,l Cmmt  Mwce.n e.xpcl imcntal and thmrctical results is

g e n e r a l l y  good but orclcr of ma~nitucle ckviaticms c)ccur at intcrmeztiate ancl higher

anf,les.

}Ilastic elcctmn scattcril)g, diffc.re.ntial cross scctic~lls  weve memured at ?ocV and

15cV impact cncr~ics ancl are shown in 1 ‘ig,.5 and Fi,g.(i, ) cspe.ctivcl y, For 20cV energy,

cm nwmurermcnts  a~,re< CJUitC well with the only available calculation (liabrikant (1980)

usinp, two-state, close-coupli np, mcthc)cl). Our clata abcwe. 130° were obtained by

extrapolation usillf, the thc4)I  y as a p,uidance.. ‘1’he. cmly c)thc.r lneasurcmcnt (Jensen et al,



1978) differs very sip,nilicantly  fl om t}lc ]nc.scmt mults both in angu]al behavior and in

magnitude, Since wc e.mploycxt a M be~nl chopper to tak account of the scattering,

Sif,nals from background scatlerin~,, paT”[icular]y the. Stla)f C.]cctrons from the. F,UII,  the

]msmt  nlcasure.nm.nts rc.prcse.llt m i I nprovc.mcmt over thr. p rev ious  nlc.asurcnmnt of

JcI}se.n  cl al (1978). ‘J’l]e. 15cV elastic 11(:S’s am g,ivcn in l;if,.6. No c)thcr thcmctical anti

c.x}mimmtal clata arc available. to compare with. Gcmc.rally  the. anp, ular Mavior shows

tllcsalllc]l atlcrllas illt}lc.20c\Tcase.  ‘1’hmfore., wccxtm]mlatcd theckdaabove 130°am_l

Mow l()()t)J' ~tsit~~,  thc20c\l  tllcc)~e.ticall  ~~Sasa~,lli(le.

V]. (conclusions

“J’k present work rcprc.scnts an cxtcmsicm of diffe.rmtial and in[eglal elastic

‘ lSO -~ 6s6]) ‘1’1 ) recitation closs sections to iln]mcl emxf, ics belowscattclil)f, and (6sA

2.OC.V. (comparison of the inc]astic mpr.rimcmtal results with thcorcticzd calculations

based o]) IIWA (and lKlh4rl’), two statc(:~ and (3<IIW nmthoct sat 20c Vinq)act c.nergy

show goocl ap,rec.mcmt  at scattering below about 300. At larp,cr scattering ang,lcs, only

l)WA ~csu]ts are in p,ood a~,lccmcmt with c.x])crimcnt.  At lower im])act cmcrg,ics only

IIWA (and 10h4’1’) rcs~llts are. aJ’ailal)le. in cm.h casct}~e.  ap,rce.ll~e.nt  with e.xpe.rimcnt is

still good at the small scattc.rin~, anf,lcs but at angles above. 300 cmdcr of maf,nitucle,

deviations occur. lhr elastic scattering, the only tkorctical rcsu]ts arc frc)m the 2-state

CT calculations of l’abrikallt (1 980) whict] ag,rcc well with Cxpcrimcnt up to 1000.

Above this anf,]c tk shape. of tlm the.mctic.al and cxpcrimcntal IXS cLIrvcs arc. still very

similar, but in n~ap,nitucte. tlmy ciiffcr by about a Pmc)r c)f 8. Fur[hcr theoretical work is

desirable. to i mprcwc. the. situation at inkx mcdiale. anti large scat tcring, z@cs.
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1 ‘i:,. 1: ?(k\l  1 )(1S of IIa 6s6p 11’] stale. excitation. so]icl Circ]c: pmse.ntly mc.asurcxi
VaILIC.S; s~]jd trjall~,le,:  measured value.s by Jensen e.t al (1978); open circk:
calculations of Srivmtava et al (1992.); open trianp,le:  I)WA, calculations of C2ark
et al (1989); opcm sq~larc: calculations of l;at)rikallt (J 980).

l~ip,.2: ISCV 1X3 of IIa 6s6p ‘1’1 state. excitation . soli(i circle: presently nleasmcd
values; open triangle.: IIWA calculations of (:lark et al (1989).

lJif,.3: 1 OcV IXS of 13a 6s6p ‘1’1 stale excitation. solid circle: pre.scnt]y liwmured
values; open triangle: IIWA calculations of (:lark et al (1989).

l;if,. fl: SCV 1>(3 of lla (i@ ‘1’1 state. excitation. solid circle: prcscmtly measured values;
solid triangle.: mcasurd valws by “1’rajmar  and Williams (1976); opcm trianp,le:
1 )WA calculations of Clal-k d al (1989).

I;if,.5: 20c.V lICX of Ba elastic scallcrin~. solid circle.: prc.sent results; solid trianp,le:
mcmurcd values by Jen se.n et al ( 19“/8); open square.: cal culat ions of Fabrikanl
(]980).

} ‘ip..(i:  l’resent results of 1 Se.V 1 XX of }Ia elastic scattering..



‘J’able. 1: IJiffcrcmtial crms scdicms Of dmtmn scattmilif, fmm IIa (in ~lnits Of 1()-] 6cn12sr- ] )

O(de.g,.  )

o ‘-””
2
5
8“
10
is
2(I
?5
30
35
26
45
50 -

60
“io
80
go
‘1 ()()
110
120
130
140
150
160
170
1 w

.Q”J --------
oh{

(’1’he. values in the parcnthcscs  arc cxtra]mlatccl by computer fltlinp,)

1;()= 5C.V ‘“
@ 11’. . . .
1 ii

‘-”-----!
_—. —-— — . ..-— —_
s!.?~)-..–..  ----
gl.g
(79.!)
72.1
38.9
“26 U9-—---—-

9.88
4.83
2;~5 “- ‘--~:j3.-.

i .?2
().}bo
(), 605
0.467 “
‘0.3;5 ‘“
0 . 2 5 9
0.?55
0.239
0.285
0.409
(o.4ij
l’Q<!) ------
(0.?6)
(0.18)
(0.1s)
(30.71)” ._

1 :() =“ 1 Ocv
q) II’
409—— . . . .—— —.—. —.
?86
200
135
“i]4
49.9
16.9
5.74
2 - .50 -

1.1?
().i?8 ““
0.50-/
0.454
~.29~

0.174
g.0798
0 . 0 5 8 2
0.0759
0,0645
o.tifil 5
0.0387
(0.(xi)
K):.!!!). .
(0. 1s)
(0. 19)
(0:??) ----
(35.99)”

lilastic

m!)..” .---..;
(21?)
I? X)... -–
(164)
114
2 0 . 7
6.30
2.94
1.98
2.51
? . 5 ?
(2,(H)
1.43
0.?52
9.143 ““
0.0659
0,480
0,389
0.404 “-”— -.
0.151
o . o i 2 1 “
(0.0078)

( 0 . 0 5 0 )
(o. 16)
(0.32)
@.s3)
34.6
! :o~ ..—

q II’
904-—.. _
(6(M j
324
183
108
23.4 ““”
6.s4
2.1 i-”-” ‘--
1.08
0,686
0.5M
0.486
.0:458
0.400
().?+I ‘-
0.0857
0.0681
0.105
0.101
().()493 ‘“”
().0230
(0 .037)

<0.088)
(0,018)
(36.9W—.. -—

..—

2.39 .. —.-
2.11
‘ 2 . 3 5
(?: 13) -:_
1.58
Q.W”
().11 ?-” ““
0.07?9
~.276 “-

0.447
6:326 ““—
0.140
0.0309
(o.oo~s)
SUM!!—.
‘w?) .-.
(!-2)--------
‘(m)
?6.7
3.66” ‘“ ‘-

(y 1}’.-.
1105
“ 5 4 9
i?i
124
62. ,?
11,4 “-
2.9]
i.33
0.78”1
0.559
( ) . 4 9 8
0.494

0.420
().il?.
0.150
0.0578
0.0514
().094 1
0.090”/”
0 . 0 s s 7
O.olifl
(g.096j
_(-3q
((),60)
@,.x) ..–-.-

‘(1 3
@o.97)*

* ‘J’hcxc arc tlm integral cross sections from c)ptical nlcasurcmcnts of ~hcn and Gallag,hcr
(19“/6) after subtraction of the estimated casca(ic contributions, and are used to normalize the
prcscmt] y mcmurcd differential cxc)ss scctims.

Q,.: the intc~,ral cross section.
Qh~: the nmmcntum tr-ansfc.r cross section.
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